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Description
FIELD OF APPLICATION OF THE INVENTION

[0001] The present invention relates to an improved
process for the treatment of high sulphate waters. In par-
ticular, the presentinvention relates to animproved proc-
ess for the removal of sulphates, phosphates and dis-
solved metals, by precipitation, from high-sulphate wa-
ters.

BACKGROUND TO THE INVENTION

[0002] Throughoutthe world, there are many situations
where the results of industrial and mining activities create
large volumes of waste waters which contain high con-
centrations of sulphates. Most of these waste waters also
contain substantial concentrations of dissolved metals,
typically including iron, manganese, lead, zinc, copper,
arsenic and nickel. These waste waters frequently have
a low pH.

[0003] Many of these waste waters cause substantial
environmental problems and, in a number of cases, the
entity which created the problem is no longer in existence
or is unable to carry the costs associated with existing
technologies for managing the waste water in a satisfac-
tory manner.

[0004] There are alarge number of technologies avail-
able for the treatment of these waste waters and for re-
covering the water to a quality which is fit for re-use at
the site that produced the waste water, for use by others
or for safe discharge into the environment. However, all
of these technologies come with an associated cost. In
addition, these technologies create by-products and
process residues. These by-products and process resi-
dues are derived from the contaminants which have to
be removed from the waste water as well as from com-
ponents within the chemical reagents which have to be
used within the particular treatment process that is being
applied. Frequently, the disposal costs associated with
these by-products and process residues greatly exceed
the purchase costs of the necessary treatment reagents.
[0005] In mostinstances, these by-products and proc-
ess residues contain components which would have a
marketable value (often a substantial value) if it were not
for the other components that are frequently also present
within the bi-product or process residue. These other
components are typically derived from the waste water
or they arrive as contaminants during the course of treat-
ment. There is therefore a major need for low cost tech-
nologies capable of treating and recovering these waste
waters which, ideally, would also create residues with a
marketable value rather than a disposal cost.

[0006] Most of the currently applied technologies seek
to remove the sulphate content from the waste water in
the form of gypsum. Gypsum has a low but significant
solubility. This means that following the precipitation of
the gypsum there is a residual sulphate concentration
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within the water; typically between about 3 and 10 times
the maximum acceptable concentration for discharge to
the environment or for drinking water purposes.

[0007] The normal means that are applied to the waste
water in order to create an acceptably low sulphate con-
centration include membrane-based processes: reverse
osmosis, nano-filtration or a dialysis based process.
These membrane-based processes have both a high
capital cost and a high operating cost. In addition, they
frequently suffer from a number of blinding and fouling
mechanisms which can result in frequent shut downs for
cleaning and to a short operating life for the membranes
themselves.

[0008] An alternative technology is to exploit the very
much lower solubility of ettringite. Ettringite has a com-
plex crystal structure. This structure is able to include
many other ionic components within the crystal lattice,
both anions and cations. Ettringite has the generally ac-
cepted formula of: CagAl,(SO,4)3(0OH),.26H,0.

[0009] For most multi-valent metals, the pH at which
the solubility of the hydroxide is at a minimum is specific
to the respective metal. Also, the rate of change within
the solubility of each of these hydroxides as the pH is
lowered or raised is also slightly different for each of the
metals, especially at pH levels which are above the pH
of their lowest solubility. This means that as the pH is
raised within an acidic solution that contains a number
of different metals, the metal with the lowest pH for its
minimum solubility tends to be the first to be precipitated
from the mixture, followed by the metal with the next low-
est pH for its minimum solubility and so on as the pH is
raised.

[0010] The initial concentrations of the respective met-
als within the solution will also influence the pH at which
each metal hydroxide begins to precipitate. For most in-
dustrial or mining derived waste waters, iron is typically
present in large quantities. Iron has two principal oxida-
tion states, ferrous Fe (I) and ferric Fe (lll). Ferric iron is
normally at its lowest solubility at a pH of between pH
3.5 and 4.0, whereas the normal minimum solubility for
ferrous iron is in the region of pH 9.5. The equivalent pH
for aluminium is between pH 6 and 7, whereas for most
of the other transition metals, the normal minimum solu-
bility pH occurs between pH 8 and pH 10. Manganese is
the typical exception for the metals which are normally
present at relatively high concentration within many of
the waste waters that are derived from heavy industry
and from mining activities. It has a pH for its minimum
solubility of around pH 10.5 to pH 11. The equivalent pH
for both silver and cadmium is in the region of pH 12.
[0011] Given the above, it can be readily appreciated
that, as the pH of a typical metals containing waste water
is raised, most of the Fe (lll) will be precipitated before
any substantial amounts of aluminium are precipitated.
Additionally, most of the aluminium will be precipitated
before any substantial amounts of Fe (ll) or any of the
other multi-valent metals are precipitated.

[0012] Similarly, by the time the pH has been raised to
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that which is necessary for the practical precipitation of
ettringite virtually all of the likely multivalent metals within
the solution will have been precipitated.

[0013] Atahigh pH (above its minimum solubility), alu-
minium exists in solution predominantly as the hydrated
negative ion Al(OH),". Atlow pH (below its minimum sol-
ubility), it exists as a positive ion. The degree of hydration
of the positive ion varies from AIR* at low pH through
AI(OH)2* to AI(OH),* as the pH rises towards the mini-
mum solubility. As the pH is lowered, so the solubility of
the various aluminium species increases. Also, as the
pH is lowered, the number of hydrogen ions that are used
in order to create the higher charge on each aluminium
ion will increase. The net result of this behaviour is that
in order to form ettringite, four OH- ions are needed per
molecule of ettringite, together with two Al(OH)," ions, 3
sulphate ions and 6 calcium ions. However, when an et-
tringite molecule is dissolved at low pH, it can release up
to 12 hydroxide ions, depending on the pH linked degree
of hydration of the aluminium ions. This means that per
unit of calcium, the neutralising capability of ettringite un-
der low pH conditions is the same as the neutralising
capability of slaked lime.

[0014] Ettringite crystals require a high pH and sulffi-
cient aluminium, as well as the necessary calcium and
sulphate in order for them to grow. As a result of the
typically acidic nature and the high metals content of the
waste waters that are often associated with former mine
workings, a substantial quantity of neutralising medium
has to be added before ettringite can be created. Lime,
because ofits relatively low price and general availability,
is frequently used to supply this neutralising function. Ad-
ditionally, this input of lime is normally able to provide the
necessary calcium input for an effective ettringite based
treatment process.

[0015] Usually, if the sulphate content of the waste wa-
ter is high enough, gypsum is precipitated within a first
stage of the treatment process. Preferably, the precipi-
tated solids are then removed before the water is routed
to a second treatment stage. Within this second treat-
ment stage, a water soluble aluminium reagent is usually
added, together with more lime. An example of this treat-
ment process is the CESR Process where the soluble
aluminium reagent is a proprietary reagent powder. The
process was developed within Eastern Europe and has
been widely applied to mining related waste waters within
Europe.

[0016] In most situations the aluminium reagent has a
prohibitively high price. This has led to a number of de-
velopments whereby most of the aluminium is recovered
from the ettringite product and re-used within this second
treatment stage. Depending on the specifics of the par-
ticular aluminium recovery process that is applied, it is
usual for a large amount of additional gypsum residue to
be created.

[0017] Once the ettringite that has been produced by
the treatment process has been removed from the water
(usually by a combination of gravity settlement and filtra-
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tion) the ettringite can be re-dissolved within a lower pH
environment. Some of the existing technologies use sul-
phuric acid, for example, within the SAVMIN Process, to
create and maintain this lower pH environment. Others,
for example, Veolia in South America, use hydrochloric
acid, or a mixture of sulphuric and hydrochloric acid.
[0018] With careful control, the pH can be maintained
at a level which is low enough for the ettringite to dissolve
but high enough so that the aluminium that is released
from the ettringite is immediately precipitated in the form
of amorphous aluminium hydroxide. At the same time,
the calcium and the sulphate portion of the ettringite is
normally precipitated in the form of gypsum. Finally, the
mixture has to be separated into a gypsum product or
residue and a suitably pure aluminium hydroxide for re-
turn to the sulphate removal stage within the overall proc-
ess. For economic reasons, the gypsum must contain as
little aluminium as possible.

[0019] Within the SAVMIN Process, the slow rate of
crystallisation of gypsum is exploited. The aluminium hy-
droxide can be made to precipitate rapidly and providing
the resultant precipitate is removed rapidly from the re-
action mixture, there is relatively little gypsum contami-
nation within the aluminium hydroxide. The gypsum is
then precipitated within a subsequent stage, where the
kinetics of precipitation are normally assisted by a gyp-
sum seeding process using either fresh or recycled gyp-
sum.

[0020] Within the Veolia Process, the addition of the
hydrochloric acid to the separated ettringite creates a
strong solution of calcium chloride. Calcium chloride is
an extremely soluble salt and a very high ionic strength
solution can be created. Under these conditionsiitis pos-
sible to increase the solubility of gypsum to the extent
that with appropriate control over the water content of
the mixture, only the aluminium hydroxide is precipitated
and the sulphate that is released remains in solution as
the ettringite is dissolved. This process unfortunately cre-
ates a concentrated brine residue which requires dispos-
al.

[0021] An alternative approach is to utilise a substan-
tially lower pH for the dissolution of the ettringite. With
this approach, the aluminium remains in solution and the
gypsum can be separated as a high purity product by
simple gravity separation, filtration or by other appropri-
ate means. One down side of this option is the cost of
the extra acid to carry out this dissolution. Additionally,
extra lime is needed within the ettringite production stage
in order to raise the pH of the recovered aluminium so-
lution to the high pH that is needed for ettringite crystal-
lisation. Further, if hydrochloric acid or another monova-
lent acid is used for this pH reduction, either a concen-
trated brine is created (for example, if the aluminium is
precipitated as the hydroxide so as to enable only the
aluminium hydroxide to be returned to the ettringite pre-
cipitation stage), or a high concentration of chloride or
other monovalent anion is introduced into the product
water.
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[0022] Unfortunately, the reagent costs associated
with these aluminium recovery options, plus the inevita-
ble aluminium losses which occur within them, have
meant that the currently practiced ettringite-based proc-
esses represent an expensive method for reducing the
sulphate concentration.

Providing the ionic strength of the solution is not too high,
gypsum precipitation is normally able to achieve a sul-
phate concentration in the order of 1500 to 3000 mg/litre.
This is considerably above the 100 to 250 mg/litre of sul-
phate that is required for many of the options for either
the re-use or the discharge of the treated water. This,
combined with the high operating costs of the currently
practiced ettringite based processes, have led to a gen-
eral preference by water treatment specialists for the use
of membrane-based approaches rather than ettringite for
this sulphate reduction step.

[0023] WO 2014/033361 A1 describes a method and
apparatus for removing sulphate, calcium and/or soluble
metals from waste water, which method comprises the
following steps a) a gypsum precipitation step b) an et-
tringite precipitation step,c) a first separation step, d) a
neutralisation step, and e) a second separation step in
order to obtain water having a reduced sulphate, calcium
and/or soluble metals content.

The present invention proposes a recycling method for
the aluminium content of ettringite which does not require
the use of an acid addition step. Instead, it exploits the
typically acidic nature of the waste water, along with the
typical iron (and other multi-valent metal) content of the
waste water thatis used as the feed water for the process.

OBJECT OF THE INVENTION

[0024] Accordingly, itis an object of the presentinven-
tion to provide a process for the improved treatment of
high-sulphate waters using chemical methods which will
address the shortcomings associated with the prior art
and the currently employed technology.

SUMMARY OF THE INVENTION

[0025] The invention is defined by the features of the
amended claim. Preferred embodiments are defined by
the features of the dependent claims.

[0026] According to a first aspect thereof, the present
invention provides a process for the treatment of high-
sulphate waters, said process

- including at least two reaction stages and two or
more clarification stages serving to separate precip-
itated solids from partially treated water,

- wherein said first reaction stage utilises a source of
ettringite in order to precipitate metals, sulphate and
other contaminants from the feed water.
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First reaction stage

[0027] Interms of the present invention, high sulphate
water enters into a first reaction stage, where a source
of ettringite is used instead of, orin addition to, lime and/or
a calcium-containing and/or hydroxide-containing mate-
rial. The addition(s) are used to raise the pH to between
pH 4.0 and pH 4.5, causing precipitation of some multi-
valent metals. Depending on the sulphate concentration
within the high sulphate water, gypsum may also be pre-
cipitated.

[0028] In an alternative embodiment of the invention,
Fe(OH); precipitate and, if present, gypsum are separat-
ed prior to additional additions of ettringite and/or lime
and/or calcium-containing and/or hydroxide-containing
material. The precipitates that are separated from the
process mixture can be either discarded, or processed
using techniques well understood in the art to produce
gypsum of higher purity and a Fe(OH); rich product.
[0029] The additional additions, in turn, raise the pH
further, causing Al(OH)3 and gypsum to also precipitate.
Depending on the value to which the pH is raised, other
components may also precipitate. After precipitation, the
precipitates are separated from the process mixture and
processed using techniques well understood in the art to
produce gypsum of higher purity and an Al(OH)5 rich
product.

[0030] In a preferred embodiment, hydrocyclone tech-
nologies would be used to perform the additional
processing of the precipitates. In an alternative embod-
iment of the invention, gypsum so precipitated and sep-
arated would be further purified using techniques well
known in the art and the components separated from the
gypsum would be returned to the first reaction stage as
an input material. In a preferred embodiment, hydrocy-
clone-based washing, preferably using some or all of the
high sulphate water as a wash fluid, would be used as a
purifying technique.

Further reaction stage

[0031] In terms of the present invention, a further re-
action stage is used to precipitate ettringite from partially
treated high sulphate water. In this stage, a stream rich
in Al(OH)5 from previous separation stages is added to
the partially treated high sulphate water. Additionally,
slaked lime, burnt lime or another suitable hydroxide re-
agentwould be added. The proportions of the added ma-
terials would be of sufficient quantities and ratios to en-
courage the formation of ettringite within the reactor while
avoiding the creation of other calcium compounds or oth-
er impurities.

Additional reaction stage
[0032] In an alternate embodiment of the invention, an

additional reaction stage is used to raise the pH of the
partially treated high sulphate water exiting the first re-
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action stage. The pH would be raised using alkaline ma-
terials, the materials including but not limited to: burnt
lime, slaked lime and ettringite. The increased pH, the
specific value being process dependent, would result in
a precipitate comprising hydroxides, hydrated oxides, sil-
icates, phosphates, carbonates, basic carbonates and
other metallic impurities. In a preferred embodiment,
these precipitates would then be separated from the high
sulphate water to become a process discard. In an alter-
native embodiment, the discard would be routed to a suit-
able metals separation and recovery process.

[0033] Inapreferred embodiment, each reaction stage
would consist of a multi-compartmentreactor, the reactor
including suitable stirring and mixing arrangements with-
in each compartment. In a further embodiment, the com-
partments would be arranged in series. In an alternative
embodiment, batch reactors would be used. In another
alternative embodiment, a sequenced batch reactor
would be employed. In another alternative embodiment,
a sequence of individual stirred reactors arranged in se-
ries would be employed.

[0034] In a preferred embodiment, a sludge recycle
would be included in addition to the reaction stages so
as to optimise the availability of seed crystals to the pre-
cipitation processes.

[0035] In an embodiment of the invention, control of
calcium, sulphate and aluminium levels within each re-
action stage would be implemented in order to keep the
relative proportions of these components substantially
stochiometric. In a further embodiment, the proportion of
aluminium would be controlled such that it would be the
first of these components to be depleted. In a further em-
bodiment, the calcium to sulphate ratio would be control-
led by adjusting the amount of ettringite and hydroxide
reagents that are added to one or more of the reactors.
[0036] In an embodiment of the invention, the product
slurry would contain a mixture of ettringite crystals and
other fine precipitates. These precipitates may include
manganese hydroxides, manganese hydrated oxides,
magnesium hydroxides, magnesium hydrated oxides,
magnesium silicate, other hydroxides, other hydrated ox-
ides, silicates, carbonates and any trace compounds that
may be present. However, the ability of ettringite to in-
corporate within itself both anions and cations, especially
the multivalent ones, will typically result in the dissolved
concentrations of usually all of the multivalent anions and
cations (exceptsulphate and calcium) being substantially
below their normally expected solubility limits within the
aqueous phase of the product liquor from the further re-
action stage. The precipitated solids would be separated
from the treated water using suitable solid separation
processes, as known and described in the art.

[0037] In a further embodiment of the invention, crys-
talline ettringite within the precipitate from the further re-
action stage would be separated into an ettringite con-
centrate using techniques known in the art. In a preferred
embodiment, separation would include hydrocyclone-
based techniques. In a further embodiment, ettringite
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concentrate that has been stored within a buffer storage
facility would be used during process restart following
maintenance or where the high sulphate water contains
insufficient aluminium and/or where there is a deficiency
of aluminium reagents. In another embodiment, buffer
storage would also include facilities for the storage of
Al(OH) and/or other precipitates produced by the reac-
tion processes.

[0038] Interms of the presentinvention, the product of
the further reaction stage would consist of clarified water
with a high pH and low concentration of sulphate and
calcium. In a preferred embodiment, the pH of the clari-
fied water stream would be between pH 10.8 and pH
12.0, and the concentration of sulphate and calcium
would each be less than 100 mg/l. In a further embodi-
ment, the concentration of dissolved aluminium would be
less than 10 mg/l. In a further embodiment, the concen-
tration of sulphate and calcium would each be under 50
mg/l, with the concentration of aluminium being less than
5 mgl/l.

[0039] In a further embodiment of the invention, the
clarified water produced by the further reaction stage
would be treated using a pH reducing agent. In a pre-
ferred embodiment of the invention, the pH reducing
agentwouldinclude carbon dioxide, sulphuric acid and/or
hydrochloric acid. In a further embodiment of the inven-
tion, the pH of the clarified water would be between pH
7.0 and pH 9.5. In an alternative embodiment of the in-
vention, a final separation stage known in the art would
be used to remove particulate produced by pH adjust-
ment of the clarified water. In a preferred embodiment,
the final separation stage would include a sand filter. In
a further embodiment, the sand filter may be of the self-
cleaning type. In an alternative embodiment of the inven-
tion, a further pH adjustment stage would be used to con-
trol the concentration of metallic contaminants and/or the
dissolved nitrogen content of the clarified water. In a pre-
ferred embodiment, the pH would be adjusted using tech-
niques known in the art, to a range of pH 6.0 to pH 7.5.
In a further embodiment, an additional solids removal
stage would be used to remove precipitate following final
pH adjustment. In a further embodiment, this solids re-
moval stage and/or a further stage would include any of
the following, in any combination: biological-based sep-
aration, membrane-based separation and/or ion-ex-
change-based separation. In an alternative embodiment,
aferric Fe(lll)-based treatment reagent, or a reagent with
similar capabilities, would be added to any pH adjustment
step(s) in order to control manganese, arsenic, selenium,
cadmium, boron and other trace components in the clar-
ified water stream.

Advantages

[0040] An advantage of the present invention is eco-
nomical in that the reuse of reactor products, in the form
of Al(OH)s, ettringite, Fe(OH)5; and gypsum is expected
to substantially lower operating costs for facilities em-
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ploying this system to treat sulphate-rich water. Addition-
ally, the present invention would remove the need for
easily-fouled membrane-based and/or resin based sys-
tems for the treatment of sulphate-rich water.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] The invention will now be described in more de-
tail, by way of example only, with reference to the ac-
companying figures in which:

Figure 1  depicts a diagram illustrating the process of
the present invention; and

Figure 2  depicts a diagram showing an alternative
embodiment of the present invention includ-
ing an additional reaction stage.

[0042] The foregoing and other objects, features and

advantages of the present invention will become more
apparent from the following description of certain embod-
iments of the present invention by way of the following
non-limiting examples.

DESCRIPTION OF THE INVENTION

[0043] Figures 1 and 2 represent embodiments of the
process of the present invention.

Example 1: New process for treatment of sulphate-
rich waters utilizing two main reaction stages

[0044] Looking at Figure 1, high sulphate water enters
as stream 1 into the first reaction stage 2. Also entering
the first reaction stage is the input of lime or a suitable
hydroxide containing material 3 and the ettringite recycle
stream 4 from the further reaction stage 19. Optionally,
arecycle stream 5 from the gypsum separation stage 9
can also be added. Stream 5 is able to provide a source
of seed crystals into the first reaction stage 2. Also, it is
able to recycle some of the ettringite that may not have
been fully utilised within the firstreaction stage 2. Further,
when it is sourced from stream 10, as shown here, it is
able to recover aluminium hydroxide to the first reaction
stage and thence to stream 22.

[0045] The product 6 from the first reaction stage 2 is
routed to the solids separation stage 7. Some of the sep-
arated solids 50 are routed as stream 8 to the gypsum
separation stage 9. In this embodiment of the process it
is assumed that a hydrocyclone based technology is uti-
lised within the separation stage 9. The remainder of the
separated solids 51 are routed to the solids discard 12.
[0046] The solids discard arrangement can utilise
whatever facilities and technology that may be appropri-
ate to the location and nature of the water treatment fa-
cility. For convenience, but only for convenience, the sol-
ids discard is shown here as a single facility that receives
a combined stream that is made up from all the different
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residue streams 11, 26, 33, 42,45 and 51. However, one
or more of these residue streams could be routed sepa-
rately or in combination(s) to one or more alternative fa-
cilities, as may be appropriate to the contents of the par-
ticular residue stream and to the location and nature of
the water treatment facility.

A portion 5 of the gypsum concentrate 10 from the gyp-
sum separation stage 9 can, if desired, be recycled to
the first reaction stage 2, as noted above. Stream 5 could
also be sourced from stream 50 or stream 51. The re-
mainder of the gypsum concentrate 11 is routed to the
solids discard 12.

The clarified water 18 from the solids separation stage 7
is then forwarded to the further reaction stage 19. The
further reaction stage 19 also receives an additional input
of lime and / or a calcium and / or hydroxide containing
material 20; a portion 21 or all of the Al(OH)4 rich product
22 that is created within the separation stage 9 and, if
appropriate, a portion 23 of the solids output 30 from the
suspended solids separation stage 29 that follows the
further reaction stage 19. Stream 23 can be sourced from
either before or after the optional buffer storage facility 32.
Normally, a portion 23 of the solids output would only
need to be returned to the reaction stage 19 if the reactor
design for this reaction stage is unable to maintain a suf-
ficient quantity of seed crystals within the reactor for op-
timum reaction conditions.

Depending upon the aluminium and the sulphate content
of the process feed water stream 1, the aluminium con-
tent of the various reagents that are added to the process
and / or the efficiency of the separation stage 9, it may
be necessary to include a source of soluble aluminium
within or alongside the overall reagent input stream 20.
If only a portion 21 of the aluminium hydroxide concen-
trate 22 is used within the further reaction stage 19, then
the remainder 26 is routed to the residue discard 12. Pref-
erably, but not shown here, the remainder 26 will be rout-
ed through a buffer storage facility so that a stock of re-
covered aluminium concentrate can be maintained for
use within a process restart or when there is a shortage
of aluminium within the inputs to the process.

[0047] The reacted product28 from the further reaction
stage 19isrouted to a suspended solids separation stage
29. As noted above, some of the separated suspended
solids 30 from separation stage 29 can be returned
(stream 23) to the further reaction stage 19 as a source
of seed crystals. The remainder 52 or all of the separated
solids 30 can be routed to the buffer storage facility 32.
[0048] In many situations there will be more ettringite
produced within the process than can be dissolved within
the reaction stage 2. The excess can either be discharged
as indicated by stream 33 or via another route (not shown
here) to the discard facility 12, or to an alternative dis-
charge facility.

[0049] The clarified water 35 from the suspended sol-
ids separation stage 29 are then passed to a further pol-
ishing reaction stage 36 where an appropriate ferric iron
based or other appropriate treatment / final adjustment
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reagent 37 is added. Whenever necessary, in order to
achieve the desired final pH, a controlled amount of a pH
adjusting acidic reagent 38 would also be added. The
reagent 37 may consist of a number of different reagents
which are added as a blended mixture, individually or in
partial combination. Similarly, the acidic reagent 38 may
consist of a number of different reagents which are added
as a blended mixture, individually or in partial combina-
tion.

[0050] The product 39 from the polishing reaction and
pH reduction stage 36 is then routed to a further sus-
pended solids removal stage 41 where the residues from
the polishing reactions, including aluminium hydroxide
from any unreacted aluminium, would be removed. The
separated solids 42 from this suspended solids removal
stage 41 would normally be routed to the residues discard
12. However, as this residue stream can often contain a
significant proportion of aluminium hydroxide, it is some-
times appropriate to route these residues back to one of
the previous reaction stages so as to reclaim the alumin-
ium for further use. The selection as to which reactor to
return them to will be situation specific and will be de-
pendent on the nature and quantity of the other compo-
nents that are removed within this polishing stage.
[0051] Normally, after this polishing reaction stage, it
is necessary to carry out a further minor pH adjustment
to the clarified output 43. In addition, it is sometimes nec-
essary to add further components in order to satisfy any
particular requirements that may be imposed by the dis-
charge or re-use criteria. Any such further additions are
shown as one or more inputs 40.

[0052] Within many of the discharges from industry and
/ or from mining activities, the dissolved nitrogen content
may be too high for the proposed re-use or discharge
criteria. This nitrogen can be present as both inorganic
nitrogen containing compounds, organic nitrogen con-
taining compounds or as a mixture of both. Other organic
compounds could also be present, including phospho-
rous containing compounds. There are a number of well-
established technologies for removing these contami-
nants and the selection of the appropriate technology or
technologies will be dictated by the specific nature and
quantities of the contaminants, the local circumstances,
costs and operator preferences. Location 44 is the typical
position within the above described overall treatment
process where these nitrogen and other contaminating
compounds would normally be removed. Any solid,
sludge or other residues 45 from this location would nor-
mally join the overall residue discard 12, as shown. How-
ever, depending upon what has to be removed, it may
be appropriate to route them, or some of them, to another
process outlet.

[0053] Thefinally treated water 46 would then be avail-
able for re-use or discharge.
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Example 2: New process for treatment of sulphate-
rich waters utilizing three main reaction stages

[0054] Turning to Figure 2, high sulphate water enters
at 1 into the first reaction stage 2. Also entering the first
reaction stage is the input of lime or a hydroxide contain-
ing material 3, the ettringite concentrate 4 and, if desired,
an aluminium containing recycle stream 5 from the gyp-
sum separation stage 9. The product 6 from the reaction
stage 2 is routed to the solids separation stage 7. The
separated solids 8 are routed to the gypsum separation
stage 9, which in this embodiment of the process it is
assumed that a hydrocyclone based technology is uti-
lised. A portion 5 of the gypsum concentrate 10 can be
recycled to the first reaction stage 2 as noted above as
a source of seed crystals. The remainder of the gypsum
concentrate 11 is routed to the solids discard 12. As noted
above, this discard arrangement can utilise whatever fa-
cilities and technology that may be appropriate to the
location and nature of the water treatment facility.

The clarified water 13 from the solids separation stage 7
is then forwarded to the additional reaction stage 14
where additional ettringite 34 (see below), lime or a hy-
droxide containing material 15 is added. The precipitated
solids that are created within this reaction stage are then
separated within the second solids separation stage 16.
The separated solids 17 are directed to the residue dis-
card 12 and the clarified water 18 is passed on to the
further reaction stage 19.

The further reaction stage 19 also receives an additional
input of lime or a hydroxide containing material 20; a por-
tion 21, or all of the separated aluminium hydroxide con-
centrate 22 that is created within the separation stage 9,
if appropriate, an additional source of aluminium and, if
appropriate, a portion 23 of the fine solids output 24 from
the optional ettringite separation unit 25. In this embod-
iment of the process it is also assumed that a hydrocy-
clone based technology is utilised. If only a portion 21 of
the aluminium hydroxide concentrate 22 is used within
the further reaction stage 19, then the remainder 26 is
routed to the residue discard 12. Preferably, but not
shown here, the remainder 26 will be routed through a
buffer storage facility so that a stock of recovered alu-
minium concentrate can be maintained for use within a
process re-start or when there is a shortage of aluminium
within the inputs to the process.

[0055] Similarly, the portion 27 of the fine solids output
24 from the ettringite separation stage 25 that is not re-
cycled to the further reaction stage 19 is also routed to
the residue discharge 12. In this instance, less benefit
can be achieved from a buffer storage facility for portion
27 relative to the benefit that can be obtained from a
buffer storage facility for the portion 26. However, a suit-
able buffer facility could be provided for this portion 27.
[0056] Thereacted product28from the further reaction
stage 19 is routed to the third suspended solids separa-
tion stage 29. The separated suspended solids 30 from
this third separation stage are routed to an optional et-
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tringite separation unit 25 from where the separated con-
centrate of ettringite 31 is routed to an optional buffer
storage facility 32. From this buffer storage facility 32, or
directly, the concentrate 4 is directed back to the first
reaction stage 2.

[0057] If, as noted above, there is an excess of alumin-
ium available and if it is beneficial to the control of the
ionic balance between sulphate and calcium, then an in-
put of ettringite concentrate 34 to the additional reaction
stage 14 can also be made. If there is an excess of et-
tringite concentrate, then the excess 33 can be routed to
the residue discharge 12.

[0058] The clarified water 35 from the suspended sol-
ids separation stage 29 are then passed to a further pol-
ishing reaction stage 36 where an appropriate ferric iron
based or other appropriate treatment / final adjustment
reagent 37 is added together with a controlled addition
of a pH adjusting acidic reagent 38. The reagent 37 may
consist of a number of different reagents which are added
as a blended mixture, individually or in partial combina-
tion. Similarly, the acidic reagent 38 may consist of a
number of different reagents which are added as a blend-
ed mixture, individually or in partial combination.

[0059] The product 39 from the polishing reaction
stage is then routed to a further suspended solids remov-
al stage 41 where the residues from the polishing reac-
tions would be removed together with any unreacted alu-
minium. The separated solids 42 from this suspended
solids removal stage 41 would normally be routed to the
residues discard. However, as this residue stream can
often contain a significant proportion of aluminium hy-
droxide, it is sometimes appropriate to route these resi-
dues back to one of the previous reaction stages so as
to reclaim the aluminium for further use. The selection
as to which reactor to return them to will be situation
specific and will be dependent on the nature and quantity
of the other components that are removed within this pol-
ishing stage.

[0060] Normally, after this polishing reaction stage, it
is necessary to carry out a further minor pH adjustment
to the clarified output 43. In addition, it is sometimes nec-
essary to add further components in order to satisfy par-
ticular requirements that may be imposed by the dis-
charge or re-use criteria. Any such further additions are
shown as one or more inputs 40.

[0061] Within many of the discharges from industry and
/ or from mining activities, the dissolved nitrogen content
may be too high for the proposed re-use or discharge
criteria. This nitrogen can be present as both inorganic
nitrogen containing compounds, organic nitrogen con-
taining compounds or as a mixture of both. Other organic
compounds could also be present, including phospho-
rous containing compounds. There are a number of well-
established technologies for removing these contami-
nants and the selection of the appropriate technology or
technologies will be dictated by the specific nature and
quantities of the contaminants, the local circumstances,
costs and operator preferences. Location 44 is the typical
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position within the above described overall treatment
process where these nitrogen and other contaminating
compounds would be removed. Any solid, sludge or other
residues 45 from this location would normally join the
overall residue discard 12, as shown. However, depend-
ing upon what has to be removed, it may be appropriate
toroute them, or some of them, to another process outlet.
[0062] The finally treated water 46 would then be avail-
able for re-use or discharge.

Claims

1. A process for the treatment of sulphate-containing
water, the process including:

- a first reaction stage (2) within which a source
of ettringite is used, with or without adjunct rea-
gents, in order to precipitate metals, phosphate
and sulphate from the water;

- a further reaction stage (19), the stage (19)
including ettringite production for feeding ettrin-
gite into the first stage (2);

- two or more removal stages (7, 29) for removal
of precipitated solids, the said stages (7, 29) fol-
lowing the first and the further reaction stage (2,
19)

- a gypsum separation stage (9) within which the
precipitated solids that are removed within the
removal stage (7) that follows the first reaction
stage (2) are separated into an aluminium hy-
droxide-rich product (22) and a product contain-
ing gypsum (10); and

- recovery to the further reaction stage (19) of a
portion or all of the aluminium hydroxide-rich
Product (22).

2. The process of claim 1, wherein some or all of the
precipitated solids that are removed from the product
from the first reaction stage (2) are put through a
gypsum separation stage (9), and wherein the alu-
minium hydroxide-rich product (22) from the gypsum
separation stage (9) is added to the further reaction
stage (19) thereby recovering a portion of the alu-
minium content of the ettringite, the aluminium con-
tent of any adjunct reagents that are added and any
aluminium that may be present within the sulphate-
containing water, and forwarding that aluminium to
the further reaction stage (19).

3. The process of either claims 1 or 2, wherein the gyp-
sum separation stage (9) is based on hydrocyclone
technology.

4. Theprocess ofany ofclaims 1to 3, wherein a portion
of the separated gypsum is returned to the first re-
action stage (2).
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The process of any one of claims 1 to 4, wherein a
portion of the separated gypsum is subjected to a
washing or leaching process using a portion of the
sulphate-containing water.

The process of any one of claims 1 to 5, wherein the
adjunct reagents include lime and/or other hydrox-
ide-containing materials.

The process of any one of claims 1 to claim 6, where-
in the first reaction stage (2) is carried out in two
stages with a removal stage (7, 29, 41) for the pre-
cipitated solids after each stage (2, 9, 19).

The process of any one of claims 1 to 7, wherein an
additional reaction stage (14) is provided before the
further reaction stage (19) and where additional et-
tringite, lime, or hydroxide containing material is add-
ed to raise the pH.

The process of any one of claims 1 to 8, for use in
the treatment of waste waters.

Patentanspriiche

Verfahren zum Behandeln von sulfathaltigem Was-
ser, wobei das Verfahren aufweist:

eine erste Reaktionsstufe (2), innerhalb der eine
Ettringitquelle mit oder ohne Zusatzreagenzien
verwendet wird, um Metalle, Phosphat und Sul-
fat aus dem Wasser auszufallen;

eine weitere Reaktionsstufe (19), wobei die Stu-
fe (19) eine Ettringitproduktion zum Zufiihren
von Ettringit in die erste Stufe (2) aufweist;
zwei oder mehr Entfernungsstufen (7, 29) zum
Entfernen von ausgefallten Feststoffen, wobei
die Stufen (7, 29) der ersten und der weiteren
Reaktionsstufe (2, 19) nachgeschaltet sind;
eine Gipsabtrennstufe (9), in der die ausgefall-
ten Feststoffe, die in der der ersten Reaktions-
stufe (2) nachgeschalteten Entfernungsstufe (7)
entfernt wurden, in ein aluminiumhydroxidrei-
ches Produkt (22) und ein gipshaltiges Produkt
getrennt werden; und

Zurlckfihren eines Teils oder des gesamten
aluminiumhydroxidhydroxidreichen ~ Produkts
(22) zur weiteren Reaktionsstufe (19).

Verfahren nach Anspruch 1, wobei einige oder alle
ausgefallten Feststoffe, die aus dem Produkt vonder
ersten Reaktionsstufe (2) entfernt wurden, durch ei-
ne Gipsabtrennstufe (9) geleitet werden, und wobei
das aluminiumhydroxidreiche Produkt (22) von der
Gipsabtrennstufe (9) der weiteren Reaktionsstufe
(19) hinzugegeben wird, wodurch ein Teil des Alu-
miniumanteils des Ettringits, des Aluminiumanteils
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irgendwelcher Zusatzreagenzien, die zugegeben
werden, und jeglichen Aluminiums, das im sulfathal-
tigen Wasser vorhanden sein kann, zuriickgewon-
nen wird, und wobei dieses Aluminium zur weiteren
Reaktionsstufe (19) weitergeleitet wird.

3. Verfahren nach Anspruch 1 oder 2, wobei die
Gipsabtrennstufe (9) auf einer Hydrozyklontechno-
logie basiert.

4. Verfahren nach einem der Anspriiche 1 bis 3, wobei
ein Teil des abgetrennten Gipses zur ersten Reak-
tionsstufe (2) zurtickgefihrt wird.

5. Verfahren nach einem der Anspriiche 1 bis 4, wobei
ein Teil des abgetrennten Gipses einem Wasch-
oder Auslaugprozess unter Verwendung eines Teils
des sulfathaltigen Wassers unterzogen wird.

6. Verfahren nach einem der Anspriiche 1 bis 5, wobei
die Zusatzreagenzien Kalk und/oder andere hydro-
xidhaltige Materialien enthalten.

7. Verfahren nach einem der Anspriiche 1 bis 6, wobei
die erste Reaktionsstufe (2) in zwei Stufen mit einer
Entfernungsstufe (7, 29, 41) fir die ausgefallten
Feststoffe nach jeder Stufe (2,9, 19) ausgefihrt wird.

8. Verfahren nach einem der Anspriiche 1 bis 7, wobei
eine zusatzliche Reaktionsstufe (14) vor der weite-
ren Reaktionsstufe (19) vorgesehen ist, und wobei
zusatzliches ettringit-, kalk- oder hydroxidhaltiges
Material zugegeben wird, um den pH-Wert zu erh6-
hen.

9. Verfahren nach einem der Anspriiche 1 bis 8 zur
Verwendung bei der Behandlung von Abwasser.

Revendications

1. Procédé de traitement d’eau contenant des sulfates,
le procédé comprenant :

- un premier stade de réaction (2) dans lequel
on utilise une source d’ettringite avec ou sans
réactifs adjuvants afin de précipiter des métaux,
des phosphates et des sulfates a partirdel'eau ;
- un nouveau stade de réaction (19), le stade
(19) incluant la production d’ettringite pour ali-
menter de I'ettringite dans le premier stade (2) ;
- deux ou plusieurs stades de retrait (7, 29) des-
tinés au retrait de solides précipités, lesdits sta-
des (7, 29) étant postérieurs au premier et au
nouveau stade de réaction (2, 19) ;

- un stade de séparation de gypse (9) dans le-
quel les solides précipités qui sont enlevés dans
le stade de retrait (7) qui suit le premier stade
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de réaction (2) sont séparés en un produit riche
en hydroxyde d’aluminium (22) et un produit
contenant du gypse (10) ; et

- la récupération vers le nouveau stade de réac-
tion (19) d’'une partie ou de tout le produit riche
en hydroxyde d’aluminium (22).

Procédé selon la revendication 1, dans lequel quel-
ques ou tous les solides précipités qui sont enlevés
du premier stade de réaction (2) sont passés par un
stade de séparation de gypse (9) et ou le produit
riche en hydroxyde d’aluminium (22) provenant du
stade de séparation de gypse (9) est ajouté au nou-
veau stade de réaction (19), récupérant ainsi une
partie de la quantité d’aluminium de l'ettringite, la
quantité d’aluminium de I'un quelconque des réactifs
adjuvants qui sont ajoutés, etde I'aluminium qui peut
étre présent dans I'eau contenant les sulfates, et le
transfert de cet aluminium vers le nouveau stade de
réaction (19).

Procédé selon soit la revendication 1, soit la reven-
dication 2, dans lequel le stade de séparation au
gypse (9) est basé sur une technologie d’hydrocy-
clone.

Procédé selon I'une quelconque des revendications
1 a 3, dans lequel une partie du gypse séparé est
retournée vers le premier stade de réaction (2).

Procédé selon I'une quelconque des revendications
1 a 4, dans lequel une partie du gypse séparé est
soumise a un procedé de lavage et de lessivage en
utilisant une partie de I'eau contenant les sulfates.

Procédé selon I'une quelconque des revendications
1a5, dans lequel les réactifs adjuvants comprennent
de la chaux et/ou d’autres matiéres contenant des
hydroxydes.

Procédé selon I'une quelconque des revendications
1 a 6, dans lequel le premier stade de réaction (2)
est effectué en deux stades avec un stade de retrait
(7, 29, 41) pour les solides précipités aprés chaque
stade (2, 9, 19).

Procédé selon I'une quelconque des revendications
1 a7, dans lequel un stade de réaction additionnel
(14) estmis en place avantle nouveau stade deréac-
tion (19) et dans lequel une quantité supplémentaire
d’ettringite, de chaux ou de matiére contenant un
hydroxyde est ajoutée afin d’augmenter le pH.

Procédé selon I'une quelconque des revendications
1 a 8 destiné a une utilisation dans le traitement des
eaux usées.
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